Abstract U-Pb and Hf zircon (sensitive high-resolution ion microprobe -SHRIMP-and laser ablation-inductively coupled plasma-mass spectrometry -LA-ICP-MS-), Ar/Ar hornblende and muscovite, and Rb-Sr whole rock-muscovite isochron data from the mylonites of the Sarandí del Yí Shear Zone, Uruguay, were obtained in order to assess the tectonothermal evolution of this crustal-scale structure. Integration of these results with available kinematic, structural, and microstructural data of the shear zone as well as with geochronological data from the adjacent blocks allowed to constrain the onset of deformation along the shear zone at 630-625 Ma during the collision of the Nico Pérez Terrane and the Río de la Plata Craton. The shear zone underwent dextral shearing up to 596 Ma under upper to middle amphibolite facies conditions, which was succeeded by sinistral shearing under lower amphibolite to upper greenschist facies conditions until at least 584 Ma. After emplacement of the Cerro Caperuza granite at 570 Ma, the shear zone underwent only cataclastic deformation between the late Ediacaran and the Cambrian. The Sarandí del Yí Shear Zone is thus related to the syncollisional to postcollisional evolution of the amalgamation of the Río de la Plata Craton and the Nico Pérez Terrane. Furthermore, the obtained data reveal that strain partitioning and localization with time, magmatism emplacement, and fluid circulation are key processes affecting the isotopic systems in mylonitic belts, revealing the complexity in assessing the age of deformation of long-lived shear zones.
Introduction
Exhumed long-lived shear zones represent fundamental structures that allow studying the coupling between crustal exhumation and strain localization processes as well as the timing at which they take place in the lithosphere. However, assessing the age of the deformation is not a simple task, due to the overprinting caused by the youngest events that may reset the isotopic systems that are used as thermochronometers. It is even more complex to integrate geochronological with macrostructural and microstructural data as well as kinematics in order to create a robust model of the tectonometamorphic evolution of the shear zones, which can further constrain the evolution at the orogen scale.
Several methods can be applied to study the temperature-time (T-t) paths of metamorphic rocks, which are based on closure temperatures of isotopic geochronometers (Table 1) [Dodson, 1973; Villa, 1998 ]. The most widespread methods to constrain the age of the deformation in shear zones consist in either dating synkinematic intrusions or minerals that were formed during mylonitization or constraining the T-t paths of adjacent blocks [van der Pluijm et al., 1994] . All these methods, though potentially powerful, have some limitations. Dating synkinematic intrusions represents an indirect and interpretative method [van der Pluijm et al., 1994] , whereas dating minerals in the mylonites themselves may be limited by the problem of whether these ages represent neocrystallization or cooling ages [Dunlap, 1997; Mulch and Cosca, 2004] . On the other hand, establishing T-t paths of neighboring blocks may be helpful but nevertheless indirect and, in many cases, difficult to obtain due to the lack of equivalent datable mineral associations on both sides of the shear zones.
rise to the accretion of Gondwana after Rodinia breakup [Almeida et al., 1973; Brito Neves et al., 1999; Cordani et al., 2003; Kröner and Stern, 2004] . Particularly, the juxtaposition of the Río de la Plata, Kalahari, and Congo Cratons together with other continental fragments such as the Nico Pérez Terrane took place in western Gondwana ( Figure 1 ) Goscombe et al., 2005; Gray et al., 2008; Foster et al., 2009; Frimmel et al., 2011; Oyhantçabal et al., 2011a Oyhantçabal et al., , 2011b Rapela et al., 2011] . Within this framework, the Sarandí del Yí Shear Zone separates the Río de la Plata Craton from the Nico Pérez Terrane (Figure 1 ), and it thus represents a key element to understand the amalgamation of these crustal segments.
Based on new geochronological and isotopic data from the mylonites of the Sarandí del Yí Shear Zone, this work provides constraints on the tectonothermal evolution of this crustal-scale structure. Furthermore, this information is combined with available kinematic, structural, and microstructural data of the shear zone as well as with geochronological data from the adjacent blocks to present a tectonic model for this part of western Gondwana.
Geological Setting
The Sarandí del Yí Shear Zone is a crustal-scale shear zone that constitutes the eastern boundary of the Río de la Plata Craton, which is represented by the Piedra Alta Terrane in Uruguay (Figures 1 and 2 ) [Oyhantçabal et al., 2011a; Rapela et al., 2011] . The Nico Pérez Terrane and the Neoproterozoic Dom Feliciano Belt are located to the east. The Nico Pérez Terrane includes the Isla Cristalina de Rivera in northern Uruguay and the Taquarembó block in southern Brazil, whereas the Dom Feliciano Belt can be further traced to southeastern Brazil ( Figure 1 ) [Fragoso Cesar, 1991; Basei et al., 2005 Basei et al., , 2008 Oyhantçabal et al., 2011a] .
The Piedra Alta Terrane is constituted by gneisses and granitoids with ages between 2.2 and 2.0 Ga [Oyhantçabal et al., 2011a] , which are intruded by the 1.7 Ga old Florida doleritic dyke swarm [Teixeira et al., 1999 [Teixeira et al., , 2013 . Paleoproterozic low-to medium-grade schist belts are recognizable as well [Oyhantçabal et al., 2011a] . Except for the La Paz granite (587.1 ± 7.9 Ma, U-Pb laser ablation-inductively coupled plasma-mass spectrometry zircon) [Cingolani et al., 2012] , no Neoproterozoic magmatism is distinguishable in the Piedra Alta Terrane.
The basement of the Nico Pérez Terrane is made up of the Pavas Block, the Valentines-Rivera Granulitic Complex, and the Campanero Unit. The Pavas Block comprises Archean orthogneisses and metasediments [Preciozzi et al., 1979; Hartmann et al., 2001] , whereas the Valentines-Rivera Granulitic Complex is constituted by 2.2-2.1 Ga granulitic orthogneisses [Oyhantçabal et al., 2011a , which are intruded in the west by the 1.7 Ga Illescas rapakivi granite [Campal and Schipilov, 1995] . The Campanero Unit comprises migmatites, amphibolites, banded iron formations, micaschists, and gneisses with zircon ages of 1.7 Ga (Figure 2 ) [Sánchez Bettucci et al., 2003 , 2004 Oyhantçabal, 2005; Mallmann et al., 2007] . Likewise, the Nico Pérez Terrane shows a significant Neoproterozoic reworking that is related to the evolution of the Dom Feliciano Belt. Several Neoproterozoic intrusions can be recognized [Hartmann et al., 2002; Gaucher et al., 2008; Oyhantçabal et al., 2009a Oyhantçabal et al., , 2012 Gaucher et al., 2014] . Furthermore, Neoproterozoic metasediments and shear zones are also present [Basei et al., 2008; Oyhantçabal et al., 2011a Oyhantçabal et al., , 2012 . The Sarandí del Yí Shear Zone was defined as a structural lineament by Preciozzi et al. [1979] and was interpreted afterward as a terrane boundary by Bossi and Campal [1992] . Oyhantçabal et al. [1993] considered it as a pre-Brasiliano dextral shear zone that was sinistrally reactivated during the late Neoproterozoic. Later, Oyhantçabal et al. [2011a] proposed it as the eastern margin of the Río de la Plata Craton. On the basis of structural, microstructural, and kinematic data, Oriolo et al. [2015] determined that deformation in the Sarandí del Yí Shear Zone started under middle amphibolite to upper amphibolite facies conditions with dextral shearing in the easternmost Piedra Alta Terrane during juxtaposition of the Río de la Plata Craton and the Nico Pérez Terrane. Subsequent lower amphibolite to upper greenschist facies metamorphism was related to pure shear-dominated sinistral shearing, which was accompanied by contemporaneous magmatism, and was followed by a late cataclasis that reworked the easternmost border of the shear zone [Oriolo et al., 2015] .
Though the sinistral shearing is considered to be Neoproterozoic in age due to the emplacement of the synkinematic calc-alkaline Solís de Mataojo Granitic Complex (Figure 2 ; 580 ± 15 Ma, Rb-Sr whole rock; 584 ± 13 Ma, single-phase Pb-Pb stepwise leaching titanite) [Umpierre and Halpern, 1971; Oyhantçabal et al., 2007] , the timing of the dextral shearing is not well constrained. This first event took place prior to the Neoproterozoic sinistral shearing and also postdates the emplacement of the 1.7 Ga old Florida doleritic dyke swarm [Teixeira et al., 1999 [Teixeira et al., , 2013 , as these dykes are dextrally sheared toward the shear zone [Oyhantçabal et al., 1993; Oriolo et al., 2015] . Therefore, the onset of the deformation during accretion of the Nico Pérez Terrane to the eastern margin of the Río de la Plata Craton could be placed at any time between the late Paleoproterozoic (<1.7 Ga) and the late Neoproterozoic.
Sample Description
Samples AA-13, were collected from mylonites of the Sarandí del Yí Shear Zone itself (Figure 1 ). On the other hand, AA-12 corresponds to a granitic mylonite located in the easternmost Piedra Alta Terrane, which was deformed during dextral shearing along the shear zone. A sample from the Cerro Caperuza granite was obtained as well (Figure 2 ), as it intrudes the shear zone and shows no significant ductile deformation, thus providing a constraint on the end of the mylonitization. Sample locations and applied methods are presented in Table S1 in the supporting information, whereas analytical procedures are described in supporting information S1. et al. [2001, 2005] and Spoturno et al. [2011 Spoturno et al. [ , 2012 
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The sample AA-12 corresponds to a mylonite made up of quartz, K feldspar, plagioclase, hornblende, and biotite. Quartz shows interlobate grain boundaries, leftover grains, and minor chessboard extinction, which accounts for grain boundary migration recrystallization at temperatures above approximately 600°C [Kruhl, 1996; Stipp et al., 2002] . Feldspars exhibit local recrystallization along the edge of the grains, indicating recrystallization temperatures above 550°C [Voll, 1976; Pryer, 1993] . Biotite and hornblende are preferentially oriented in two planes that define the S and C′ of dextral shear bands, which are also observable at mesoscale. Hornblende crystals are typically euhedral and present only minor fracturing ( Figure 3a ) [Oriolo et al., 2015] .
The sample AA-13 from a granitic mylonite is made up of quartz, K feldspar, and plagioclase. S-C′ shear bands and feldspar σ-type mantled porphyroclast microstructures indicate sinistral shearing ( Figure 3b ). Sutured grain boundaries point to grain boundary migration recrystallization in quartz, although minor evidences of subgrain rotation recrystallization can be recognized as well, indicating recrystallization temperatures of 450-550°C [Stipp et al., 2002] . Feldspars develop core and mantle structures, with occasionally antibookshelf structures, indicating temperatures of 450-550°C [Passchier and Trouw, 2005 , and references therein]. Scarce sericite and epidote are also present along shear band planes.
The mylonite of the sample BUY-81-11 is constituted by quartz, K feldspar, plagioclase, and hornblende. Sutured grain boundaries point to grain boundary migration recrystallization at approximately 500-550°C for quartz [Stipp et al., 2002] . Core and mantle structures in feldspars reveal sinistral shearing both at mesoscale and microscale and point to recrystallization temperatures of 450-550°C [Passchier and Trouw, 2005 , and references therein]. Hornblende crystals present significant fracturing and are sometimes boudinaged parallel to the stretching lineation direction ( Figure 3c ).
The sample BUY-84-11 is an ultramylonite constituted by quartz, feldspar, and sericite. Quartz crystals form aggregates with foam textures indicating recovery. Core and mantle structures in feldspars show sinistral shearing and point to recrystallization temperatures of 450-550°C [Passchier and Trouw, 2005 , and references therein]. Pressure solution is revealed by the presence of opaque minerals-rich solution seams.
UY-22-14 corresponds to the Cerro Caperuza granite, which presents equigranular texture and is constituted by quartz, K feldspar, plagioclase, and scarce biotite ( Figure 3d ).
The deformed porphyritic felsic intrusion of the sample BUY-93-11 is made up of quartz and feldspar. Sutured grain boundaries point to grain boundary migration recrystallization at approximately 500-550°C for quartz [Stipp et al., 2002] . Core and mantle structures in feldspars reveal sinistral shearing and recrystallization temperatures of 450-550°C [Passchier and Trouw, 2005 , and references therein].
Both BUY-92-11 and BUY-94-11 correspond to mylonites, which are constituted by quartz, K feldspar, plagioclase, and muscovite. Sinistral shearing is indicated by S-C′ shear bands, σ-type feldspar mantled porphyroclasts with asymmetric myrmekites, mica fish, and oblique foliation of elongated quartz grains. S-C′ shear bands and σ-type feldspar mantled porphyroclasts are also observable at mesoscale. Sutured grain boundaries point to grain boundary migration recrystallization in quartz and recrystallization temperatures of 500-550°C (Figure 3e ) [Stipp et al., 2002] . Feldspars develop core and mantle structures, which are sometimes accompanied by microshear zones that show internal recrystallization, indicating temperatures of 450-550°C [Passchier and Trouw, 2005 , and references therein]. Muscovite typically develops mica fish microstructures and is oriented parallel to the S or C′ planes of the shear bands in the mylonites (Figure 3f ), suggesting that they are synkinematic minerals. This interpretation is further supported by the lack of muscovite in the protolith of the mylonites, i.e., the Solís de Mataojo Granitic Complex. Locally, solution seams parallel to shear band planes can be recognized as well. They are made up of fine-grained aggregates of biotite and opaque minerals.
Results
U-Pb Ages and Hf Isotopes
Zircons from the sample AA-12 are typically prismatic to equant and show oscillatory zoning, sometimes with homogeneous bright cores (Figure 4a) . A concordant age of 596.0 ± 3.3 Ma was obtained considering 15 out of 24 spots (Figure 5a , data points with low correlation coefficients rejected), which is interpreted as the crystallization age of the magmatic protolith.
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In the case of AA-13, zircons present oscillatory zoning as well as homogeneous dark or bright cores (Figure 4b) . A 2048.3 ± 11.0 Ma concordia age is interpreted as the age of the crystallization of the magmatic protolith based on 23 out of 26 data points (Figure 5b , discordant data rejected). In addition, Hf model ages (T DM ) between 2.20 and 2.47 Ga as well as ε Hf (t 1 ) between +2.26 and +7.23 were obtained for the zircons (Figure 5c and Table S4 in the supporting information).
Zircons from BUY-81-11 are prismatic and, in some cases, fragmented. Zircons from BUY-84-11 are prismatic and occasionally round and exhibit homogeneous dark cores surrounded by overgrowths with oscillatory zoning (Figure 4d) . A concordia age of 2068.9 ± 4.2 Ma considering six out of eight spots is interpreted as the crystallization age of the magmatic protolith, which is recorded in both cores and overgrowths (Figure 5f , discordant data rejected).
In the Cerro Caperuza granite (sample UY-22-14), zircons are prismatic with oscillatory zoning and present a concordant age of 570.9 ± 11.0 Ma considering 5 out of 26 data points (Figures 4e and 5g , highly discordant data or with high U or common 206 Pb content rejected). Some spots show slightly older concordant ages that may indicate reworking of magmatic zircons with ages between approximately 620-580 Ma (Figure 5g ).
Prismatic to slightly rounded zircons with cores that are either homogeneous or zoned were recognized for BUY-93-11. Homogeneous bright cores present a weighted mean 207 Pb/ 206 Pb age of 2115 ± 38 Ma (Figure 5h , Red ellipses indicate data used for age calculations, whereas dashed ellipses represent data that were not considered. Errors depicted at the 2σ level. ε Hf versus time data from the sample AA-13 are also shown. Analytical procedures are indicated in Text S1, and data results are presented in Table S4 in the supporting information. 
40 Ar/ 39 Ar
A hornblende plateau age of 600.1 ± 3.4 Ma was obtained for the sample AA-12, whereas the sample BUY-81-11 presents a hornblende plateau age of 590.2 ± 2.6 Ma (Figures 6a and 6b ). On the other hand, the white mica concentrates yield plateau ages of 594.41 ± 0.98 Ma and 587.6 ± 1.5 Ma for the samples BUY-92-11 and BUY-94-11, respectively (Figures 6c and 6d ).
Rb-Sr
Two Rb-Sr isochron ages were defined by muscovite and whole rock concentrates from the same muscovite samples that were analyzed using the 40 Ar/
39
Ar method. The sample BUY-92-11 shows an age of 566.1 ± 2.9 Ma, whereas the sample BUY-94-11 presents an age of 566.6 ± 2.9 Ma (Table S4 in the supporting information).
Discussion
Protolith Petrogenesis
U-Pb zircon data reveal two protoliths generated during the Paleoproterozoic and the Neoproterozoic. However, no significant textural differences are observed between both zircon groups. Zircons are prismatic and occasionally round with oscillatory zoning and Th/U > 0.1 (Figure 4 and Table S4 in the supporting information), which is indicative of a magmatic origin [Hoskin and Schaltegger, 2003, and references therein] . As deformation conditions along the Sarandí del Yí Shear Zone did not surpass amphibolite facies conditions [Oriolo et al., 2015] , the U-Pb zircon ages are interpreted to represent the age of the magmatic protolith rather than a direct age constraint on the deformation along the shear zone. Pb weighted mean ages of 2025 ± 37 Ma (sample BUY-81-11) and 2115 ± 38 Ma (sample BUY-93-11) provide evidence of a late Rhyacian-early Orosirian magmatic event and are equivalent to ages of granitoids and gneisses of the basement of the Piedra Alta Terrane ( Figure 5 ) [Hartmann et al., 2000; Santos et al., 2003; Peel and Preciozzi, 2006] . Hf isotopes from the zircons of the sample AA-13 yield a T DM age range from 2.20 to Table S4 in the supporting information). In addition, Neoproterozoic ages in BUY-81-11 zircons were only detected in overgrowths, whereas BUY-93-11 contains Neoproterozoic neoformed zircons as well (Figure 4) . Consequently, obtained Neoproterozoic ages may have resulted from both reequilibration of inherited Paleoproterozoic crystals and neocrystallization in the presence of a melt [Bea et al., 2007; Geisler et al., 2007] .
Tectonothermal Evolution of the Sarandí del Yí Shear Zone
Despite previous works that suggested a Mesoproterozoic age for the onset of the deformation [Bossi and Cingolani, 2009; Gaucher et al., 2011a] , new results provide solid evidence of Neoproterozoic nucleation for the Sarandí del Yí Shear Zone (Figure 7a ). The only previous constraint for the dextral shearing was the bending of the 1.7 Ga old Florida doleritic dyke swarm, which provides a maximum age for this event. Results obtained for the sample AA-12 indicate dextral shearing up to 596 Ma. Similar zircon and hornblende ages together with hornblende microstructures point to emplacement and fast cooling of this intrusion below approximately 500°C during dextral shearing. Likewise, the oldest concordant age of 623.0 ± 5.1 Ma (sample BUY-81-11) represents a maximum age for magmatism related to deformation along the shear zone. This value is thus interpreted as syncollisional to early postcollisional magmatism related to the amalgamation of the Nico Pérez Terrane and the Río de la Plata Craton along the Sarandí del Yí Shear Zone and supports proposals indicating juxtaposition of both crustal blocks during the Neoproterozoic [Oyhantçabal et al., 2011a; Rapela et al., 2011] . As this sample shows evidence of sinistral shearing at temperatures of 450-550°C, which are similar to the closure temperature for amphibole, the significantly younger 40 Ar/ 39 Ar plateau age of 590.2 ± 2.6 Ma from strongly deformed hornblende crystals may indicate reworking of these rocks and resetting of the K/Ar system at approximately 590 Ma. This is also supported by structural evidence indicating progressive strain localization toward the east [Oriolo et al., 2015] .
The subsequent sinistral movement was previously constrained by the age of the synkinematic Solís de Mataojo Granitic Complex (Figure 2) [Oyhantçabal et al., 2001 [Oyhantçabal et al., , 2007 . The U-Pb sensitive high-resolution ion microprobe (SHRIMP) concordant age of 589.1 ± 1.5 Ma of the sample BUY-93-11 together with the 40 Ar/ 39 Ar hornblende plateau age of 590.2 ± 2.6 Ma of sinistrally sheared mylonites and 40 Ar/ 39 Ar plateau ages of 594.41 ± 0.98 Ma and 587.6 ± 1.5 Ma of synkinematic muscovites constrains the sinistral shearing at 594-584 Ma. As temperature conditions for the sinistral shearing are constrained at 450-550°C [Oriolo et al., 2015] , which are above the closure temperature of the K/Ar system for muscovites, muscovite ages probably reflect cooling after synkinematic crystallization [Mulch and Cosca, 2004; Rolland et al., 2008] .
Rb-Sr data are significantly younger than the respective 40 Ar/ 39
Ar muscovite ages. As the latter match other geochronological data as well as geological evidences (e.g., intrusion of the Cerro Caperuza granite postdating the ductile deformation along the shear zone), Rb-Sr data may not reflect true cooling stories [Jenkin, 1997] . As indicated by Eberlei et al. [2015] , deformation strongly affects the Rb-Sr geochronometer at <500°C. Likewise, Bozkurt et al. [2011] demonstrated that fluid-assisted deformation under cataclastic conditions may reopen this isotopic system. Local cataclastic reworking, pressure solution, and associated fluid circulation are recorded in the mylonites [Oriolo et al., 2015] , which could account for reequilibration of the Rb-Sr system during low-temperature fluid-assisted deformation. However, 40 Ar/
39
Ar muscovite ages seem to remain unaffected by these processes, which may suggest that Sr presents an unlikely more effective diffusivity than Ar under similar conditions. Alternatively, a more plausible explanation could be that the Rb-Sr system has remained closed for the muscovites but was affected for the whole rock system, giving rise to whole rock-muscovite isochron ages that are younger than expected.
On the basis of hornblende and muscovite geochronological data, cooling rates can be estimated for the Sarandí del Yí Shear Zone (Figure 7b) . 40 Ar/ 39 Ar hornblende and muscovite data reveals a cooling rate of approximately 34°C Ma À1 between~595-590 Ma (Figure 7b ). On the other hand, the cooling rate of 34°C Ma À1 may have resulted from fast exhumation during sinistral shearing. Vertical extrusion related to pure shear-dominated deformation along the Sarandí del Yí Shear Zone could account for this process [Oriolo et al., 2015] . Comparable cooling rates related to shearing and rapid exhumation were also reported from the Carthage-Colton Mylonite Zone of the Adirondack Mountains [Bonamici et al., 2014] .
Nevertheless, the estimated cooling rates have to be considered carefully due to the complexity of the processes involved in the shearing. Particularly, the existence of several intrusions during deformation appears to be one of the most significant processes affecting the isotopic systems, as the existence of magmatism resets the chronometers and true cooling paths cannot be calculated (Figure 7a ). In addition, strain localization during exhumation of the shear zone also induces local reworking of the mylonitic belt and consequent reset of the thermochronometers [Mulch et al., 2006] . Comparison of hornblende data from the dextrally and sinistrally sheared domains shows younger ages in the latter, supporting progressive strain localization toward the east inferred from structural data [Oriolo et al., 2015] . Consequently, recrystallization-related processes such as strain and fluids as well as magmatism play a major role in the closure of isotopic systems in mylonites, being temperature not the only significant variable, as outlined by Villa [1998] .
The age of 570.9 ± 11 Ma for the Cerro Caperuza granite together with the age of the alkaline plutonicvolcanic Sierra de las Ánimas Complex (Figure 2 ; 579 ± 1.5 Ma, Ar/Ar hornblende; 581.8 ± 3.4 Ma, 574.5 ± 8.1 Ma, U-Pb SHRIMP zircon) [Oyhantçabal et al., 2007; Rapalini et al., 2015] provides a solid constraint for the end of the ductile deformation in the shear zone (Figure 7a) . Likewise, the Rb-Sr ages of the mylonites can be interpreted as the result of the reequilibration of the Rb-Sr isotopic system due to fluid circulation, probably associated with low-temperature deformation that is recognizable in both mylonites and the Cerro Caperuza granite [Oriolo et al., 2015] . It can be thus inferred that cataclastic deformation in the easternmost shear zone started after 570 Ma. Moreover, the Cerros San Francisco and the Cerro Victoria formations are folded and affected by low-T shear zones and faults near the cataclasites of the Sarandí del Yí Shear Zone in the western Nico Pérez Terrane (Figure 1 ) [Montaña and Sprechmann, 1993; Oriolo et al., 2015] . As they did not achieve metamorphic conditions higher than lower greenschist facies [Gaucher, 2000; Blanco et al., 2009; Sánchez Bettucci et al., 2010] and present a late Ediacaran-early Cambrian age [Blanco et al., 2009; Gaucher et al., 2011b] , deformation of these sequences may be related to late Ediacaran-Cambrian cataclastic deformation along the shear zone. Furthermore, Rapalini and Sánchez Bettucci [2008] interpreted a postfolding remagnetization event in the Cerro Victoria Formation as evidence for an Early Cambrian event.
Consequently, brittle deformation in the Sarandí del Yí Shear Zone can be characterized as a long-term process that took place between the late Ediacaran and the Cambrian.
Implications for Western Gondwana
Recent contributions outlined the allochtony of the Nico Pérez Terrane regarding the Río de la Plata Craton and its African origin [Oyhantçabal et al., 2011a; Rapela et al., 2011] , which seems to be particularly related to the Congo Craton (Oriolo et al., submitted manuscript, 2015) . Rapela et al.
[2011] also indicated that not only the Nico Pérez but also other South American crustal blocks such as the Mar del Plata and Encantadas terranes represent African remnants that were accreted during the Brasiliano-Pan-African Orogeny.
On the other hand, the oldest Neoproterozoic record in the southern Dom Feliciano Belt is constituted by the high-grade rocks of the Cerro Olivo Complex, which contains zircons yielding U-Pb SHRIMP concordant ages of~750-800 Ma [Hartmann et al., 2002; Oyhantçabal et al., 2009a; Basei et al., 2011a; Lenz et al., 2011] . Due to similar ages reported in the Coastal Terrane of the Kaoko Belt Konopásek et al., 2008] , both regions were correlated and these ages were interpreted as the timing of rifting-related magmatism during the Rodinia breakup Oyhantçabal et al., 2009a; Basei et al., 2011a; Frimmel et al., 2011; Rapela et al., 2011; Konopásek et al., 2014] . Likewise, high-grade metamorphism is also recorded in both the Cerro Olivo Complex and the Coastal Terrane. Zircon overgrowths yielding ages of 641 ± 17 Ma [Oyhantçabal et al., 2009a] and 654 ± 3 Ma [Lenz et al., 2011] as well as U-Pb Isotope Dilution Thermal Ionization Mass Spectrometry monazite ages of 645 ± 4 [Basei et al., 2011a] were reported for gneisses of the Cerro Olivo Complex. On the other hand, magmatism at approximately 650 Ma [Seth et al., 1998 ] and several ages between approximately 660 and 625 Ma were obtained in the Coastal Terrane [Goscombe et al., 2005; Konopásek et al., 2008] and were interpreted as the age of high-grade metamorphism and migmatization [Goscombe and Gray, 2007; Konopásek et al., 2008] .
The onset of deformation along the Sarandí del Yí Shear Zone at 630-625 Ma constrains the age of the amalgamation of the Nico Pérez Terrane and the Río de la Plata Craton. These results support models from Oyhantçabal et al. [2011a] and Rapela et al. [2011] considering juxtaposition of both crustal blocks during the Neoproterozoic, previously constrained by the 584 ± 13 Ma age of the Solís de Mataojo Granitic Complex [Rapela et al., 2011] . Contrasting cooling age patterns on both sides of the shear zone reinforce this interpretation (Figure 7c ) [Oyhantçabal et al., 2011a] . Consequently, metamorphic conditions of the Cerro Olivo Complex [Lenz et al., 2011] could be explained by arc-related high-grade metamorphism and magmatism followed by the accretion of the Nico Pérez Terrane and the Río de la Plata Craton (Figures 8a and 8b ). Similar P-T conditions in arc settings were reported by Tibaldi et al. [2013] and Maki et al. [2014] in the Famatinian arc (western Sierras Pampeanas) and the Higo metamorphic terrane (central Kyushu), respectively. Likewise, Basei et al. [2011a] interpreted a collisional event at 635 ± 10 Ma in the Cerro Olivo Complex. Muscovite K-Ar ages between 630 and 620 Ma [Oyhantçabal et al., 2007] in the Cerro Olivo Complex as well as an approximately 630 Ma rutile metamorphic age in metabasalts from the Dom Feliciano Belt in Uruguay [Sánchez Bettucci et al., 2003] provide further constraints for the age of exhumation and metamorphism related to the accretion. This also agrees with interpretations indicating an arc/back-arc domain at the attenuated Congo Craton margin at~650-630 Ma Gray, 2007, 2008; Konopásek et al., 2014] and the age of the docking of the Coastal Terrane to the Kaoko Belt, which must have occurred after 645 Ma but prior to 580 Ma according to Goscombe and Gray [2007] . In Brazil, Gross et al. [Oyhantçabal et al., 2007; Lara et al., 2013] . Asthenospheric upwelling due to slab break off after collision could account for this process (Figure 8b ) [Oyhantçabal et al., 2007] , as in the Western Kunlun orogenic belt in the Tibet Plateau [Ye et al., 2008] and the Alps [von Blanckenburg and Davies, 1995] , giving rise to thinning of the lithospheric mantle under the Nico Pérez Terrane and consequent thermal desestabilization [Black and Liégeois, 1993; Liegéois et al., 2013] , which is supported by cooling age patterns (Figure 7c ) [Oyhantçabal et al., 2011a] . Moreover, significant postcollisional synkinematic magmatism is recorded along the Sarandí del Yí Shear Zone (Figure 5a ) and is thus comparable with the magmatism along the Periadriatic Lineament [Steenken et al., 2000; Rosenberg, 2004; Stipp et al., 2004] , which also represents a first-order tectonic boundary [Schmid et al., 1989] . Sinistral shearing along the Rivera Shear Zone is recorded in the northern Nico Pérez Terrane at 606 ± 10 Ma as well, indicating coeval antithetic deformation regarding dextral shearing in the Sarandí del Yí Shear Zone (Figure 1 ) . The switch from dextral to sinistral shearing along the Sarandí del Yí Shear Zone points to a geodynamic change at approximately 595-590 Ma (Figure 8c ). Sinistral shearing is recorded not only in the Sarandí del Yí but also in the Sierra Ballena Shear Zone, which yields 40 Ar/ 39 Ar muscovite ages of 585.8 ± 1.6 Ma [Oyhantçabal et al., 2009b] . The onset of subduction at approximately 595-590 Ma along the northern margin of the Khomas Ocean and/or the southernmost margin of Adamastor Ocean [Prave, 1996; Gray et al., 2008; Rapela et al., 2011] due to the convergence of the Kalahari Craton may provide a satisfactory explanation for this process (Figure 8c ), as documented by Lehmann et al. [2015] . This plate reorganization could be further supported by the sudden change in the apparent polar wander path of the Congo Craton observed after approximately 590 Ma [Moloto-A-Kenguemba et al., 2008] . An alternative hypothesis consists in considering a change during the postcollisional evolution of the Río de la Plata-Nico Pérez-Congo system. The existence of Neoproterozoic magmatism in the Piedra Alta Terrane [Cingolani et al., 2012] as well as the transition from to high-K calc-alkaline to alkaline magmatism in the Dom Feliciano Belt [Oyhantçabal et al., 2007] may indicate the final stages of the postcollisional setting, possibly related to asthenospheric upwelling [Liégeois, 1998; Liégeois et al., 1998 ]. Nevertheless, a combination of both onset of the convergence of the Kalahari Craton and a postcollisional evolution may be also feasible.
Further deformation after 570 Ma is also recorded in the Sarandí del Yí Shear Zone as well as in the Sierra Ballena and Rivera shear zones [Oyhantçabal et al., 2011b . These late events probably resulted from the evolution of the Kaoko and Damara belts during the late Ediacaran and Cambrian [Goscombe et al., 2005; Konopásek et al., 2005; Gray et al., 2006; Oyhantçabal et al., 2011b; Ulrich et al., 2011] . However, most of the shear zones of Uruguay were already exhumed at that time and underwent mostly low-T deformation, indicating that they record an older evolution than their African counterparts and deformation migrated toward the east.
The existence of collisional events between approximately 625 and 600 Ma in South America can be further traced to the north along the Transbrasiliano Lineament (Figure 1 ) [Ganade de Araujo et al., 2014a , 2014b . This crustal-scale structure has been correlated with the easternmost Pampean Belt in the Sierras Pampeanas, mostly based on geophysical data [e.g., Rapela et al., 2007; Peri et al., 2015] . Nevertheless, the collisional phase of the Pampean Belt was placed at the Lower Cambrian [Rapela et al., 1998 [Rapela et al., , 2007 Siegesmund et al., 2010] , which is considerably younger than the collision recorded along the Transbrasiliano Lineament [Ganade de Araujo et al., 2014a , 2014b . The Sarandí del Yí Shear Zone, in contrast, shows both timing of deformation and kinematics, which are comparable with those recorded along the Transbrasiliano Lineament. Consequently, the amalgamation of the Gondwanic domains in the South American Platform [Brito Neves and Fuck, 2014] was completed at~600 Ma and resulted from the accretion of African blocks to the eastern margin of the South American older nuclei, i.e., the Amazonas and Río de la Plata cratons, along crustal-scale shear zones.
Conclusions
Multithermochronometric and structural data from the mylonites combined with geochronological information from shear zone-related magmatism as well as cooling ages of the adjacent blocks were integrated to constrain the tectonometamorphic evolution of the Sarandí del Yí shear Zone. The onset of the deformation is related to the collision of the Río de la Plata and Nico Pérez Terrane at 630-625 Ma, giving rise to dextral shearing up to 596 Ma along the Sarandí del Yí Shear Zone upper to middle-amphibolite conditions in a postcollisional setting. Subsequent sinistral shearing took place between 594 and 584 Ma under lower amphibolite to upper greenschist facies conditions, which was followed by emplacement of the Sierra de las Ánimas Complex and the Cerro Caperuza granite. This process was temporally associated with voluminous postcollisional magmatism and shear zone activity in the Dom Feliciano Belt. Further deformation under brittle conditions was recorded after approximately 570 Ma and was probably linked to the interaction of the Río de la Plata-Congo and Kalahari Cratons during the evolution of the Pan-African belts.
Additionally, the obtained data reveal the complexity in assessing the age of deformation of long-lived shear zones. Strain partitioning and localization with time, magma emplacement, and fluid circulation were identified as the main processes affecting the isotopic systems. Therefore, multiple geochronometers from the mylonitic belts and their adjacent blocks as well as detailed structural analysis have to be integrated in order to establish solid tectonothermal models of crustal-scale shear zones. 
